We have demonstrated the first carrier density model for AlGaN channel with AlN buffer using spontaneous and piezoelectric polarization comparison with experimental and theoretical results. From the results we proved that the formation of 2DEG in undoped structure relied both on spontaneous and piezoelectric polarization. The electron distribution of Al concentration (0 < x < 0.5) was measured for both AlGaN channel and barrier. Barrier thickness assumed between 20 and 25 nm for validating the experimental results. The carrier concentration was observed at the specific interface of the N-and Ga-face by assuming x1, x 2 = 0. The model results are verified with previously reported experimental data.
Introduction
GaN based HEMTs (High Electron Mobility Transistors) are promising candidates because of their attractive physical properties of higher breakdown electric field, high band gap energy, high frequency operation and high power density. After several attempts, AlGaN/GaN based devices proved its maximum frequency and extreme power density [1] [2] . Compared to Si, the GaN breakdown field is 10 times higher, the band gap is 3 times higher and saturation velocity is 3 times higher. AlN breakdown electric field is 4 times higher, thermal conductance is 1.5 times higher and bandgap is about 2 times higher compared to GaN [3] . Incorporation of Al% in the
Device Description
As of previous results AlGaN-channel HEMT with AlN substrates proved lowest dislocation density of 10 6 /cm 2 [13] - [15] . In this study, weanalyzed the Polarization properties of AlGaN channel with AlGaN barrier on AlN buffer and AlN/Sapphire Substrate. Figure 1 shows the schematic structure of low Al composition channel and barrier with x < 0.5. Thickness of AlN buffer layer assumed as per the critical thickness of 1.2 μm. AlGaN channel placed above the buffer with 600 nm. 25 nm thickness of the AlGaN barrier placed above the channel. The AlN buffer was used for high quality growth.
In this article we focus on device characterization and polarization of Nface and Ga face AlGaN/AlGaN (AlGaN channel) heterostructures. Formation of 2DEG using spontaneous and piezoelectric polarization for varying mole fraction x 1 and x 2 (N face and Ga face) analyzed using models and experimental comparison. So we concentrate on the polarity of AlGaN barrier and channel for 2DEG confinement. We assume x 1 = 0 for Nface and x 2 = 0 for Ga face to verify the results with Ambacher et al. [16] the Elastic and elastic constants taken from the same paper.
Even though the thickness AlGaN barrier assumed as 250 A˚ the confined charge density is higher as compared to GaN HEMT. Device grown on AlN buffer and sapphire substrate because the lattice mismatch between Substrate and AlGaN channel as we have seen above. The critical thickness and strain relaxation is the key role for AlGaN channel HEMT devices because AlGaN partially relaxed with AlN buffer region [17] . This relaxation assumes in our model as per the experimental results and Al composition up to 0.5 assumed in our model for barrier and channel region. Lattice constant assumed for AlGaN channel and barrier regions. 
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The spontaneous and piezoelectric polarization induced charge density calculated for Pseudomorphic grown hetero devices not considered separately because we assumed AlGaN partially relaxed with barrier as per the composition and experimental data's. The relaxation rate assumed as per experimental comparison later.
Even anundoped barrier can confine carrier density 2DEG in the channel because of the high structural quality interface between AlGaN channel and buffer region. C-V profile measurement assumed the well known technique for measuring the carrier concentration at room temperature. The model used for C-V measurement is given below [16] 
Here C is the capacitance per unit area, V is the applied voltage at the gate to barrier interface, ε is the dielectric constant of the material (ε 0 = 8.854 × 10 −14 C/V cm; e = 1.602 × 10 −19 C). The main consequences of model and experimental comparison arise 1) How the Piezo electric polarization occurs in AlGaN channel and the barrier interface. 2) Why the carrier concentration based on the relaxation of these two interfaces.
To answer these questions we should understand the role and physical properties of spontaneous and piezoelectric polarization.
Spontaneous and Piezoelectric Polarization
The polarization charge relaxed, tensile strained and compressively strained layer shown in Figure 2 for Ga, N face heterostructures. In Ga face tensile strained region, spontaneous and piezoelectric polarization assumed to be parallel and compressively strained region, Polarization is antiparallel. This polarization reverses for N face polarization. Here three AlGa Nregions assumed with composition of x 1 , x 2 and x 3 . For validate our results with Ambacher et al. for Ga and N face [16] we assumed x 1 and x 3 to 0 (GaN). The total confined charge σ int at AlGaN/AlGaN interface is the sum of spontaneous polarization P sp and strain induced piezoelectric polarization at the interface of AlGaN channel. Spontaneous polarization is mainly increased by the Al difference between a barrier and channel region. 
where c 33 and c 11 are the elastic constants. The total polarization induced by piezoelectric polarization at AlGaN/AlGaN interface is given by 
Total polarization induces a charge for N face and Ga face is given by Figure 3 and Figure 4 . Strain induced charge is the main source of carrier concentration in AlGaN/GaN heterostructures. Piezoelectric polarization of AlGaN channel and barrier can be modelled with a single strain relax at the interface. The confined charge density with spontaneous and piezoelectric polarization charge density is given by [ ]
Piezoelectric polarization uses the elastic parameters from Equations (3) and (4) ( ) 
Relaxation Rate
The degree of relaxation r(x) was calculated by 
Here a_AlGaN_ch (0) , a_AlGaN_br (0) are the zero strain lattice constant. a_AlGaN_ch, a_AlGaN_br are the measured lattice constant parameter [17] . Strain relaxation first observed for 200 -250 A˚. The degree of relaxation increased by increasing Al composition in the barrier this leads to reduction of piezoelectric polarization. The approximated strain relaxation model for inducing charge given by 
Carrier Concentration Model
An electron from barrier tends to compensate at AlGaN/AlGaN interface for Ga (Al or N face). The confined carrier density for undoped device structure combination is given by [16] ( ) ( 
Total carrier confined in 2DEG Channel in Ga and N Face calculated using Equation (11) shown in Figure 5 .
Here E f is the Fermi energy level with respect to the Al x2 Ga 1−x2 N channel, e is the charge of the electron, d is the thickness of the barrier. 
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ΔE c is the conduction band offset between AlGaN channel and barrier interface. 
Field Plate Effects and Device Optimization Characteristics
Results and Discussion
The experimental results and proposed model results show excellent concurrence for predicting sheet carrier concentration characteristics for AlGaN channel for both Ga and N face interfaces with respect to different material compositions. Figure 6 shows the sheet carrier concentration with barrier thickness. Barrier thickness we assumed from 19 nm to 80 nm. A sheet carrier concentration much reduced because of the less strain relaxes between Al 0.1 Ga 0.9 N/ GaN interfaces. Incorporation of low Al about 0.05 in the channel makes less conduction band discontinuity because of less Al difference between the barrier and the channel region. Change in barrier thickness also not affected the channel much because of less Al composition. Our model much consistent with GaN based device also. Figure 7 shows the variation of sheet carrier concentration n s with barrier thickness. From the results it clearly evident that AlGaN strained with GaN. As the barrier thickness increases carrier concentration also increases to 1.9 × 10 13 /cm 2 . This variation of barrier thickness increases carrier concentration up to reach its critical level. Interpolation of Al in the channel leads to reduce the carrier density to 1.2 × 10 13 /cm 2 for the maximum barrier thickness. 
Conclusion
We have analyzed the formation of 2DEG charge density for various alloy compositions in AlGaN barrier and channel interface regions. The above results were analyzed for both Ga and N face interfaces. Polarization charge density in the AlGaN channel from low to high Al interpolation was analyzed in detail. From the results, it shows that calculated 2DEG carrier concentration exhibits good agreement with experiment reported values. Incorporation of strain relaxation is essential in AlGaN channel because of AlN buffer. From the relaxation model, adding Al composition in Channel leads to create strain relaxation in barrier. Our theoretical results prove that incorporation of Al makes device possible for future high power and high frequency application.
